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a b s t r a c t
The antioxidant properties of different almond cultivars (cv.), either regional (Casanova, Duro Italiano,
Molar, Orelha de Mula and Pegarinhos cv.) or commercial (Ferraduel, Ferranhês, Ferrastar and Guara
cv.) were evaluated through several chemical and biochemical assays: DPPH (2,2-diphenyl-1-pic-
rylhydrazyl) radical scavenging activity, reducing power, inhibition of b-carotene bleaching, inhibition
of oxidative hemolysis in erythrocytes, induced by 2,20-azobis(2-amidinopropane)dihydrochloride
(AAPH), and inhibition of thiobarbituric acid reactive substances (TBARS) formation in brain cells, all used
as models for the lipid peroxidation damage in biomembranes. The EC50 values were calculated for all the
methods in order to evaluate the antioxidant efﬁciency of each almond cultivar. Bioactive compounds
such as phenols and ﬂavonoids were also obtained and correlated to antioxidant activity. The results
obtained were quite heterogeneous, revealing signiﬁcant differences among the cultivars assayed. Duro
Italiano cv. revealed better antioxidant properties, presenting lower EC50 values in all assays, and the
highest antioxidants contents. The protective effect of this cultivar on erythrocyte biomembrane hemo-
lysis was maintained during 4 h.
 2008 Elsevier Ltd. All rights reserved.
1. Introduction
Edible nuts are cultivated in a variety of growing conditions and
climates; they are globally popular and valued for their sensory,
nutritional, and health attributes (Venkatachalam and Shridhar,
2006). Almond, scientiﬁcally known as Prunus dulcis, belongs to
the family Rosaceae, being almond tree the number one tree nut
produced on a global basis (Chen et al., 2005; Subhashinee et al.,
2006). It is especially spread through and well adapted to the
whole Mediterranean region, from which about 28% of the world
production is obtained. In Portugal, almond is a traditional crop,
mainly spread through Algarve and Baixo Alentejo in the south,
and ‘‘Terra Quente Transmontana” in the north. In fact, almond tree
is an important crop, due to its fruits of high commercial value
(Cordeiro and Monteiro, 2001; Martins et al., 2003; Moure et al.,
2007). There is a great diversity of almonds which exhibit different
productivity and yields of seed in the fruit (Martínez et al., 1995).
Almond, with or without the brown skin, is consumed as the
whole nut or used in various confectioneries (Subhashinee et al.,
2006).
It is well-known that fruits and nuts contain a wide variety of
phenolic acids and ﬂavonoids that are predominantly conjugated
with sugars or other polyols via O-glycosidic bonds or ester bonds
(Milbury et al., 2006) and its consumption has been associated
with reduced risk of chronic diseases (Pellegrini et al., 2006). The
Prunus genus is reported to have interesting biological properties
such as sedative, anti-inﬂammatory, anti-hyperlipidemic, anti-tu-
moral and antioxidant activities (Donovan et al., 1998; Wang
et al., 1999; Sang et al., 2002). Reactive oxygenic species (ROS) in
the form of superoxide anion ðO2 Þ, hydrogen peroxide (H2O2)
and hydroxyl radical ðHOÞ are natural by-products of our body’s
metabolism. However, when present in excess, they can attack bio-
logical molecules such as lipids, proteins, enzymes, DNA and RNA,
leading to cell or tissue injury associated with degenerative dis-
eases (Amarowicz et al., 2004). Although the mammalian body
has certain defense mechanisms to combat and reduce oxidative
damage, epidemiological evidence indicates that the consumption
of foodstuffs containing antioxidant phytonutrients – notably the
above mentioned ﬂavonoids and other polyphenolics – is advanta-
geous for our health (Amarowicz et al., 2004). The additive and
synergistic effects of such bioactive molecules present in plant
food are responsible for their potent antioxidant properties (Pelleg-
rini et al., 2006; Pereira et al., 2006). Dietary antioxidants provide
protection against oxidative attack by decreasing oxygen concen-
tration, intercepting singlet oxygen, preventing ﬁrst-chain initia-
tion by scavenging initial radicals, binding of metal ion catalysts,
decomposing primary products of oxidation to nonradical
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compounds, and chain breaking to prevent continuous hydrogen
removal from substrates (Subhashinee et al., 2006).
Extracts of whole almond seed, brown skin, and green shell cov-
er possess potent free radical scavenging capacities. These activi-
ties may be related to the presence of ﬂavonoids and other
phenolic compounds in nuts (Subhashinee et al., 2006). Neverthe-
less, few studies reporting almond antioxidant potential are avail-
able. Research has only been made on bioactive compound in
almond hulls (Takeoka et al., 2000; Sang et al., 2002a, 2002b; Take-
oka and Dao, 2003; Rabinowitz, 2004), almond skins (Sang et al.,
2002a) and almond shells (Pinelo et al., 2004). Even though it has
already been demonstrated that individual almond components
(Takeoka et al., 2000; Sang et al., 2002a, 2002b; Takeoka and
Dao, 2003; Pinelo et al., 2004; Rabinowitz, 2004) have antioxidant
potential, no scientiﬁc information is available regarding almond
as an whole fruit. In fact, scientiﬁc information on antioxidant
properties of whole almond is still rather scarce. Hence, the evalu-
ation of such properties remains an interesting and valuable task,
particularly for ﬁnding new sources for natural antioxidants, func-
tional foods and nutraceuticals.
Accordingly, in this work, the antioxidant properties of kernels
(maintaining the brown skin) were evaluated through several
chemical and biochemical assays: DPPH radical scavenging activ-
ity, reducing power, inhibition of b-carotene bleaching, inhibition
of oxidative hemolysis in erythrocytes, induced by AAPH, and inhi-
bition of thiobarbituric acid reactive substances (TBARS) formation
in brain cells. Additionally, we veriﬁed if different almond cultivars
revealed signiﬁcant variation for its antioxidant activity, correlat-
ing it with the amounts of bioactive compounds quantiﬁed.
2. Materials and methods
2.1. Standards and reagents
Standards BHA (2-tert-butyl-4-methoxyphenol), TBHQ (tert-butylhydroqui-
none), L-ascorbic acid, a-tocopherol, gallic acid and (+)-catechin were purchase from
Sigma (St. Louis, MO, USA). 2,2-diphenyl-1-picrylhydrazyl (DPPH) was obtained
from Alfa Aesar (Ward Hill, MA, USA). All other chemicals were obtained from Sig-
ma Chemical Co. (St. Louis, MO, USA). Methanol was obtained from Pronalab (Lis-
bon, Portugal). Water was treated in a Mili-Q water puriﬁcation system (TGI Pure
Water Systems, USA).
2.2. Samples and sample preparation
Almond fruits, regional and commercial, were collected in August–September
2006 in orchards located in Trás-os-Montes, Northeast Portugal. Selected plants
are not irrigated and no phytosanitary treatments were applied. The fruits were
dried at room temperature and exposed to sun, as common practice in the region.
For antioxidant compounds extraction, a ﬁne dried powder (20 mesh) of sample
(3 g) was extracted using 50 mL of methanol at 25 C during 60 min. The extracts
were ﬁltered through Whatman no. 4 paper and evaporated at 40 C to dryness.
All the samples were redissolved in water at a concentration of 20 mg/mL and ana-
lysed for their contents in phenols and ﬂavonoids, DPPH radical scavenging activity,
reducing power, inhibition of erythrocyte hemolysis, inhibition of b-carotene
bleaching and inhibition of lipid peroxidation.
2.3. Determination of antioxidants content
Phenolic concentration in the extracts was estimated by a colorimetric assay
based on procedures described by Singleton and Rossi (1965) with some modiﬁca-
tions. Basically, 1 mL of sample was mixed with 1 mL of Folin and Ciocalteu’s phenol
reagent. After 3 min, 1 mL of saturated sodium carbonate solution was added to the
mixture and adjusted to 10 mL with distilled water. The reaction was kept in the
dark for 90 min, after which the absorbance was read at 725 nm (Analytik Jena
200-2004 spectrophotometer). Gallic acid was used for constructing the standard
curve (0.01–0.4 mM; y = 2.94848x  0.09211; R2 = 0.99914) and the results were
expressed as mg of gallic acid equivalents/g of extract (GAEs).
Flavonoid contents in the extracts were determined by a colorimetric method
described by Jia et al. (1999) with some modiﬁcations. The almond extract
(250 lL) was mixed with 1.25 mL of distilled water and 75 lL of a 5% NaNO2 solu-
tion. After 5 min, 150 lL of a 10% AlCl3  H2O solution was added. After 6 min, 500 lL
of 1 M NaOH and 275 lL of distilled water were added to the mixture. The solution
was mixed well and the intensity of pink colour was measured at 510 nm. (+)-cat-
echin was used to calculate the standard curve (0.250–2.500 mM; y = 0.2903;
R2 = 1.0000) and the results were expressed as mg of (+)-chatequin equivalents
(CEs) per g of extract.
2.4. DPPH radical-scavenging activity
Various concentrations of almond extracts (0.3 mL) were mixed with 2.7 ml of
methanolic solution containing DPPH radicals (6  105 mol/L). The mixture was
shaken vigorously and left to stand for 60 min in the dark (until stable absorption
values were obtained). The reduction of the DPPH radical was determined by
measuring the absorption at 517 nm. The radical scavenging activity (RSA) was
calculated as a percentage of DPPH discolouration using the equation: %
RSA = [(ADPPH–AS)/ADPPH]  100, where AS is the absorbance of the solution when
the sample extract has been added at a particular level, and ADPPH is the absorbance
of the DPPH solution (Barros et al., 2007). The extract concentration providing 50%
of radicals scavenging activity (EC50) was calculated from the graph of RSA percent-
age against extract concentration. BHA and a-tocopherol were used as standards.
2.5. Reducing power
Various concentrations of almond constituents extracts (2.5 mL) were mixed
with 2.5 mL of 200 mmol/L sodium phosphate buffer (pH 6.6) and 2.5 mL of 1%
potassium ferricyanide. The mixture was incubated at 50 C for 20 min. After
2.5 mL of 10% trichloroacetic acid (w/v) were added, the mixture was centrifuged
at 1000 rpm for 8 min (Centorion K24OR-2003 refrigerated centrifuge). The upper
layer (5 mL) was mixed with 5 mL of deionised water and 1 mL of 0.1% of ferric
chloride, and the absorbance was measured spectrophotometrically at 700 nm (Bar-
ros et al., 2007). The extract concentration providing 0.5 of absorbance (EC50) was
calculated from the graph of absorbance at 700 nm against extract concentration.
BHA and a-tocopherol were used as standards.
2.6. Inhibition of b-carotene bleaching
The antioxidant activity of almond extracts was evaluated by the b-carotene
linoleate model system. A solution of b-carotene was prepared by dissolving 2 mg
of b-carotene in 10 mL of chloroform. Two millilitres of this solution were pipetted
into a 100 mL round-bottom ﬂask. After the chloroform was removed at 40 C under
vacuum, 40 mg of linoleic acid, 400 mg of Tween 80 emulsiﬁer, and 100 mL of dis-
tilled water were added to the ﬂask with vigorous shaking. Aliquots (4.8 mL) of this
emulsion were transferred into different test tubes containing 0.2 mL of different
concentrations of the almond extracts. The tubes were shaken and incubated at
50 C in a water bath. As soon as the emulsion was added to each tube, the zero time
absorbance was measured at 470 nm using a spectrophotometer. Absorbance read-
ings were then recorded at 20-min intervals until the control sample had changed
colour. A blank, devoid of b-carotene, was prepared for background subtraction. Li-
pid peroxidation (LPO) inhibition was calculated using the following equation: LPO
inhibition = (b-carotene content after 2 h of assay/initial b-carotene content)  100
(Barros et al., 2007). The extract concentration providing 50% antioxidant activity
(EC50) was calculated from the graph of antioxidant activity percentage against ex-
tract concentration. TBHQ was used as standard.
2.7. Inhibition of erythrocyte hemolysis mediated by peroxyl free radicals
The antioxidant activity of the almond extracts was measured as the inhibition
of erythrocyte hemolysis. Blood was obtained from male ram (Churra Galega Trans-
montana) of body weight 67 Kg. Erythrocytes separated from the plasma and the
buffy coat were washed three times with 10 mL of 10 mM phosphate buffer saline
(PBS) at pH 7.4 (prepared by mixing 10 mM of NaH2PO4 and Na2HPO4, and 125 mM
of NaCl in 1 L of distilled water) and centrifuged at 1500 g for 5 min. During the last
washing, the erythrocytes were obtained by centrifugation at 1500 g for 10 min. A
0.1 mL of a 20% suspension of erythrocytes in PBS was added to 0.2 mL of 200 mM
2,2’-azobis(2-amidinopropane)dihydrochloride (AAPH) solution (in PBS) and 0.1 mL
of almond extracts. The reaction mixture was shaken gently (30 rpm) while being
incubated at 37 C for 3 h. The reaction mixture was diluted with 8 mL of PBS and
centrifuged at 3000 g for 10 min; the absorbance of its supernatant was then read
at 540 nm by a spectrophotometer, after ﬁltration with a syringe ﬁlter (cellulose
membrane 30 mm, 0.20 lm, Titan). The percentage hemolysis inhibition was calcu-
lated by the equation% hemolysis inhibition = [(AAAPH–AS)/AAAPH]  100, where AS is
the absorbance of the sample containing the almond extract, and AAAPH is the absor-
bance of the control sample containing no almond extract (Barros et al., 2007). The
extract concentration providing 50% inhibition (EC50) was calculated from the graph
of hemolysis inhibition percentage against extract concentration. L-ascorbic acid
was used as standard.
In order to explore the kinetic behaviour of the antioxidant properties measured
as the inhibition of erythrocyte hemolysis mediated by peroxyl free radicals, an-
other assay was conducted considering the three almond cultivars presenting the
best results (Duro Italiano, Ferrastar and Ferraduel). The used method is based on
procedures described by Tang and Liu (2007). Basically, after washing three times
with phosphate-buffered saline (PBS: 150 mM NaCl, 8.1 mM Na2HPO4, 1.9 mM
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NaH2PO4, and 50 lM EDTA, pH 7.4) to remove the residual plasma, the erythrocytes
were centrifuged at 1700 g for exactly 10 min in order to obtain compact erythro-
cytes for experimental use. Almond extracts at different concentrations and AAPH
solution (30 mM as the ﬁnal concentration) were added successively to a 3% eryth-
rocyte suspension in PBS (v/v). This mixture was then placed in a 37 C thermostatic
bath to initiate haemolysis. Aliquots of 1 mL were collected at adequate intervals,
and centrifuged at 1700 g for 5 min to obtain the supernatant, from which absor-
bance was measured at 540 nm.
2.8. Inhibition of lipid peroxidation using thiobarbituric acid reactive substances
(TBARS)
Brains were obtained from pig (Sus scrofa) of body weight 150 Kg, dissected
and homogenized with a polytron in ice-cold Tris–HCl buffer (20 mM, pH 7.4) to
produce a 1:2 (w/v) brain tissue homogenate which was centrifuged at 3000 g for
10 min. An aliquot (0.1 mL) of the supernatant was incubated with the almond ex-
tracts (0.2 mL) in the presence of FeSO4 (10 lM; 0.1 mL) and ascorbic acid (0.1 mM;
0.1 mL) at 37 C for 1 h. The reaction was stopped by the addition of trichloroacetic
acid (28% w/v, 0.5 mL), followed by thiobarbituric acid (TBA, 2%, w/v, 0.38 mL), and
the mixture was then heated at 80 C for 20 min. After centrifugation at 3000 g for
10 min to remove the precipitated protein, the colour intensity of the malondialde-
hyde (MDA)–TBA complex in the supernatant was measured by its absorbance at
532 nm. The inhibition ratio (%) was calculated using the following formula: Inhibi-
tion ratio (%) = [(A B)/A]  100%, where A and Bwere the absorbance of the control
and the compound solution, respectively (Barros et al., 2007). The extract concen-
tration providing 50% lipid peroxidation inhibition (EC50) was calculated from the
graph of antioxidant activity percentage against extract concentration. BHA was
used as standard.
2.9. Statistical analysis
For all the experiments three samples of each almond cultivar were analysed
and all the assays were carried out in triplicate. The results are expressed as mean
values and standard error (SE) of the mean or standard deviation (SD) of the mean.
The differences between the almond cultivars were analyzed using one-way analy-
sis of variance (ANOVA) followed by Tukey’s HSD Test with a = 0.05. This treatment
was carried out using SAS v. 9.1.3 program.
3. Results and discussion
Table 1 presents the extraction yields (expressed as w/w per-
centages) for each almond cultivar. The results are globally similar,
varying from 7.53 ± 0.66 to 13.59 ± 0.98, and can be accepted as
good if we consider the nutritional composition of almond with a
high lipid percentage (Venkatachalam and Shridhar, 2006) and
therefore not soluble in polar solvents. However, some differences
can be observed regarding the reproducibility of the same results
(e.g., CV = 5.53% in Molar cultivar; CV = 24.17% for Pegarinhos). De-
spite the low values obtained for the extraction yields, the antiox-
idants contents found were good, indicating that the extraction
was efﬁcient, especially for Duro Italiano, Ferraduel and Ferrastar
cvs. (>10%).
Fig. 1 shows phenol and ﬂavonoid concentrations obtained in
the 10 almond cultivars. After an overview of the results we can
observed that, in average, the commercial cultivars show higher
phenols contents. Surprisingly, Duro Italiano, a regional cultivar,
revealed the highest content in phenol compounds (163.71 ±
3.04 mg/g). Pegarinhos (twin seeds) cv. revealed the lowest phe-
nols concentration (9.22 ± 1.04 mg/g), while Pegarinhos cv. pre-
sented the highest contents in ﬂavonoids (25.02 ± 8.43 mg/g),
showing Ferraduel cv. the lowest content (6.24 ± 1.36 mg/g).
Some authors have reported a direct correlation between anti-
oxidant activity and total phenolic content (Velioglu et al., 1998;
Ferreira et al., 2007). The antioxidant activity of phenolics may
be related to their redox properties, which allow them to act as
reducing agents or hydrogen-atom donors, their ability to chelate
metals, inhibit lipoxygenase and scavenge free radicals (Decker,
1997). Thus, natural antioxidants function as free-radical scaveng-
ers and chain breakers, complexers of pro-oxidant metal ions and
quenchers of singlet-oxygen formation (Amarowicz et al., 2004).
In food systems, ﬂavonoids can act as free radical scavengers and
Table 1
Extraction yields for the different almond cultivars, and corresponding coefﬁcients of
variation
Cultivars g (%) CV (%)
Casanova 10.62 ± 0.87 abc 8.19
Duro Italiano 9.82 ± 0.56 abc 5.68
Molar 11.48 ± 0.63 ab 5.53
Orelha de Mula 13.59 ± 0.98 a 7.24
Pegarinhos 11.52 ± 2.78 ab 24.17
Pegarinhos (twin seeds) 10.33 ± 1.42 abc 13.74
Ferraduel 10.66 ± 0.72 abc 6.78
Ferranhês 11.37 ± 0.95 ab 8.37
Ferrastar 7.53 ± 0.66 c 8.72
Guara 7.95 ± 1.80 bc 22.65
In each column different letters mean signiﬁcant differences between the almond
cultivars.
Fig. 1. Phenols and ﬂavonoids contents in different almond cultivars. Each value is expressed as mean ± standard error. In each column different letters mean signiﬁcant
differences between the almond cultivars.
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terminate the radical chain reactions that occur during the oxida-
tion of triglycerides (Roedig-Penman and Gordon, 1998) and also
appear to possess a variety of biological activities, including anti-
oxidant, anti-inﬂammatory, and vasodilatory actions (Chen et al.,
2005). These natural constituents of plant foods have been care-
fully studied in fruits and vegetables, but less attention has been
paid to their presence in whole grains and tree nuts.
Fig. 2 shows antioxidant activity EC50 values of the different al-
mond cultivars, measured by chemical and biochemical assays.
Overall, Duro Italiano cv. revealed better antioxidant properties
(signiﬁcantly lower EC50 values; p < 0.05). The EC50 values obtained
for this regional cultivar were very good (less than 0.8 mg/mL),
particularly for TBARS assay (less than 0.2 mg/mL). Two commer-
cial cultivars, Ferraduel and Ferrastar, revealed good antioxidant
activity (EC50 less than 1.5 mg/mL), while the other cultivars pre-
sented higher EC50 values in all the tested methods.
The EC50 values obtained in lipid peroxidation inhibition by
TBARS assay (measured by the colour intensity of MDA–TBA com-
plex) were better than for the inhibition of b-carotene bleaching
caused by linoleate free radical (by neutralizing the linoleate-free
radical and other free radicals formed in the system which attack
the highly unsaturated b-carotene models), reducing power
Fig. 2. Radical scavenging activity (RSA), reducing power (RP), lipid peroxidation inhibition using b-carotene (LPOIa) and thiobarbituric acid reactive substances (LPOIb) and
erythrocyte hemolysis inhibition EC50 values of different almond cultivars extracts. Each value is expressed as mean ± standard error. In each column different letters mean
signiﬁcant differences between the almond cultivars.
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Fig. 3. Hemolysis curves of ram erythrocytes (3.0% suspension in PBS, pH 7.4) initiated by AAPH (30 mM) at 37 C in the presence of regional Duro Italiano Cv. (Fig. 3a) and
commercial Ferrastar Cv. (Fig. 3b).
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(measuring the conversion of a Fe3+/ferricyanide complex to the
ferrous form), hemolysis inhibition (evaluating the protective ef-
fect of the extracts on hemolysis by peroxyl radical scavenging
activity), and scavenging effects on DPPH radicals (measuring the
decrease in DPPH radical absorption after exposure to radical scav-
engers). The assays were performed in the whole extract, since it
could be more beneﬁcial than isolated constituents due to additive
and synergistic effects of phytochemicals; a bioactive individual
component can change its properties in the presence of other com-
pounds present in the extracts (Liu, 2003).
Particularly, for the erythrocyte hemolysis inhibition assay it is
known that inhibition of the hemolytic process is time-dependent.
It means that the antioxidant activity/protective effect of erythro-
cytes membrane is only maintained for a determined period. In or-
der to verify the antioxidant activity time for the better almond
cultivars, we conducted a second hemolysis inhibition assay with
some procedure alterations. It is clear, from the analysis of
Fig. 3a (regional cultivar) and b (commercial cultivar), that the
maximum antioxidant activity is only maintained for the ﬁrst 4 h
(very low absorbance values); then it successively decreases, and
after a 12 h period all the red blood cells had suffered hemolysis.
It can also be observed a concentration-dependent effect once
the higher protective activity (slower absorbance raise) was
achieved with the higher almond extract concentration. When
erythrocytes are submitted to an oxidative stress, an alteration of
the cell membrane is observed. The free radicals are responsible
for a lipid peroxidation and a protein oxidation that leads to the for-
mation of hemolytic holes (Bureau et al., 2005), and with the
present study we prove the protective effect of almond extracts
in erythrocyte hemolysis until 12 h.
The obtained results are in agreement with the phenol contents
determined for each sample and showed in Fig. 1. A signiﬁcantly
negative linear correlation (p < 0.008) was established between
the phenols content and EC50 antioxidant activity values (Table
2). This correlation proves that the samples with highest phenols
content show lower EC50 values, conﬁrming that phenolics are
likely to contribute to the antioxidant activity of the extracts, as
it has been reported in other species (Velioglu et al., 1998; Barros
et al., 2007; Sousa et al., 2008). The obtained data were also ad-
justed to an exponential curve (Table 2) which gave a better
approximation with higher coefﬁcient determination values. On
the basis of the previously established relationships between
EC50 values and total phenols, the EC50 values were estimated
according exponential and linear curves (Table 3), and compared
to experimental values through the error percentage. As it can be
observed, the related errors are globally lower in the case of the
exponential function. Nevertheless, the smallest error values were
obtained for the linear approximation, but only in speciﬁc cases.
TBARS assay revealed the highest error values, while reducing
power assay gave the minor error values, taking into account all
the cultivars tested. In the case of Duro Italiano cv., which had al-
ready been stated as the one with better antioxidant activity, the
theoretical values for the linear approximation could not be calcu-
lated for RSA and LPO inhibition assays, probably because the
equations obtained are not suitable for phenols concentrations
higher than 150 mg/g.
The information stated in Table 3 is particularly useful when the
total phenol content is known because it allows the estimation of
EC50 values instead of their experimental determination. In future
works with the same or other cultivars we can achieve antioxidant
activity parameters through phenols determination.
In conclusion, this study revealed a great dependence of
antioxidant capacity on the almond cultivar, being a regional culti-
var the most active cv., an important feature for its commercial
Table 2
Correlations established between total phenols and antioxidant activity EC50 values
(n = 10)
Linear Exponential
Assay Equation R2 Equation R2
RSA y = 0.034x + 5.178 0.739 y = 5.825 e0.014x 0.886
Reducing power y = 0.018x + 3.398 0.610 y = 3.619 e0.010x 0.850
LPO inhibition y = 0.021x + 3.370 0.784 y = 4.073 e0.015x 0.931
TBARS assay y = 0.017x + 2.826 0.621 y = 3.429 e0.015x 0.808
Hemolysis inhibition y = 0.021x + 3.594 0.825 y = 4.042 e0.012x 0.923
Table 3
Experimental and theoretical (using linear and exponential approximations) antioxidant activity EC50 values
Assay EC50 values Casanova Duro
Italiano
Molar Orelha
de Mula
Pegarinhos Pegarinhos
twin seeds
Ferraduel Ferranhês Ferrastar Guara
RSA Experimental 4.76 0.70 1.74 3.11 4.46 4.74 1.41 6.69 0.79 1.10
Linear 4.31 – 2.96 4.39 4.15 4.86 1.28 4.56 0.98 2.18
Error (%) 9 – 41 29 7 2 9 32 19 50
Exponential 4.07 0.59 2.34 4.21 3.82 5.12 1.17 4.51 1.03 1.70
Error (%) 14 16 26 26 14 7 17 33 23 35
Reducing power Experimental 5.03 0.71 1.67 2.41 2.23 2.94 1.23 3.06 1.01 1.19
Linear 2.94 0.45 2.22 2.98 2.85 3.23 1.33 3.07 1.17 1.81
Error (%) 42 37 25 19 22 9 8 0 14 34
Exponential 2.80 0.70 1.89 2.87 2.68 3.30 1.15 3.03 1.05 1.50
Error (%) 44 14 12 16 17 11 7 1 4 21
LPO inhibition Experimental 3.35 0.34 1.32 4.12 2.64 3.00 0.58 2.20 0.70 1.33
Linear 2.83 – 2.00 2.88 2.74 3.18 0.96 2.99 0.78 1.52
Error (%) 16 – 34 30 4 6 40 26 10 12
Exponential 2.77 0.35 1.53 2.88 2.59 3.55 0.73 3.10 0.64 1.09
Error (%) 17 3 14 30 2 15 21 29 9 18
TBARS assay Experimental 1.72 0.18 1.22 1.79 2.82 4.29 1.10 1.80 0.59 1.46
Linear 2.39 0.04 1.72 2.43 2.31 2.67 0.88 2.52 0.73 1.33
Error (%) 28 78 29 26 18 38 20 29 19 9
Exponential 2.33 0.29 1.29 2.42 2.18 2.99 0.61 2.61 0.54 0.91
Error (%) 26 38 5 26 23 30 44 31 8 37
Hemolysis inhibition Experimental 2.30 0.63 1.65 2.75 3.05 4.16 1.28 3.90 0.68 1.50
Linear 3.06 0.16 2.23 3.11 2.96 3.40 1.19 3.21 1.00 1.74
Error (%) 25 75 26 12 3 18 7 18 32 14
Exponential 2.97 0.57 1.85 3.06 2.81 3.62 1.02 3.25 0.92 1.40
Error (%) 8 10 11 11 8 13 20 17 26 7
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valorisation and even for selective cultivation or hybridization
with different cultivars. In these practices, it should be considered
that the concentration and composition of phenolic compounds in
plants is inﬂuenced by a large number of factors such as climate
and agricultural conditions. For instance, the use of pesticides re-
duces the amounts of phenols, so it is advised to apply biological
agriculture conditions (Lombardi-Boccia et al., 2004). Almond ex-
tracts proved to have radical scavenging activity and lipid peroxi-
dation inhibition capacity in liposome solution, ram erythrocytes
membranes, and pig brain cells. The exact time in which almond
extracts avoid erythrocyte hemolysis was also determined. Also,
the antioxidant activity was correlated with phenols content in
an exponential approximation; this could indicate that after a
determine value, the phenols have an improved protective effect.
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